Abstract-In this paper, miniature planar UWB filters with circular slots in ground is presented and we are using a new technique by etching a wideband circular-shape slot resonator in the ground plane of the filters. The proposed filters have compact size of 15 × 12.4 mm 2 . Two filters are introduced and the final design achieves flat insertion loss and linear phase of S 12 throughout the passband (3.14-8.28 GHz) but occasional slight ripple occurs. Two different results are shown and the minimum insertion loss is less than 0.13 dB for both of presented filters.
INTRODUCTION
Ultra-wideband (UWB) technology has become the most promising solution for future short-range high-speed indoor data communication applications. In 2002, the Federal Communication Commission (FCC) in United States officially released the regulations for UWB technology, and the spectra from 3.1 to 10.6 GHz were allocated for unlicensed UWB indoor medical, measurement and communication applications. Two distinct schemes, the DS-UWB (direct-sequence UWB) and the MB-OFDM (multiband OFDM), have been proposed to compete for the IEEE 802.15.3a Standard [1] [2] [3] . The UWB provides the Less susceptible to the effects of multipath interference, Allowable highspeed communications, Applicable to the measurement of positions and distances Streamlined circuit configuration due to the non-use of carrier waves (impulse radio system) [1, 4] . Filters are the particularly challenging aspect of UWB technology. To satisfy such a requirement, various wideband filters have been studied [4] [5] [6] . In most common approach to designing UWB filters, the circular resonator isn't use as slot on the ground plane [4] [5] [6] [7] [8] [9] [10] [11] [12] . In [13] , slotline two pole microwave filter is introduced. The filter has a center frequency of 10.15 GHz, a fractional bandwidth of 9% and minimum insertion loss of 0.5 dB [13] .
In this paper, I change the ground plane by subtracting the circular-shape slots from that. These filters are multi-pole microwave filters with additional transmission zeros. The first design consists of two circular-shape slots on the bottom side of the substrate and the microstrip feeding line on the top side. Second design has three circular slots and all other parameter is the same as the first design. The dimensions of filters are 15 × 12.4 mm 2 and the first design has a 1 dB bandwidth of 4.17 GHz from 3.24-7.41 GHz and minimum insertion loss of approximately 0.13 dB while for the second design, these are 5.14 GHz from 3.14-8.28 GHz and 0.1 dB respectively. The phase of S 12 is completely linear throughout the passband for both of filters. 
FILTERS DESIGN
The filters are shown in Fig 
In these circular slots, because there is no variation of the fields along z direction for thin substrates, the modes are designed as TM nm modes. For m = 1, the field across the slot width is constant. For any given frequency, the mode corresponding to n = m = 1 (TM 11 mode) has minimum mean the circular slot, and is known as the dominant mode [15, 16] . An approximate value of x n1 (x n1 = k n1 a) can also be obtained by using (3) . This expression gives a reasonably accurate value of x n1 for n ≤ 5 and (b − a)/(a + b) < 0.35 [17] . For given values of a, b, ε r and n, the start frequency of filters is determined from (1), (3) and (4). For m = 1, n = 1, a = 5.6 mm, b = 5.8 mm and ε r = 10 (In (4), c is the speed of light), the start frequency is obtained 3.223 GHz. We will see in next section, the start frequency of filter with two circular slots in ground is 3.24 GHz and for filter with three circular slots in ground is 3.14 GHz. Because propagating of higher modes at higher frequency, the exact theoretical prediction about filter behavior is complicated with analytical formulas at the upper frequency of band. The scope for further research and optimization is noted for better analysis these filters by theoretical prediction.
RESULTS
I named filter with two circular slots in ground as filter1 and filter with three circular slots in ground as filter2. In Fig. 2(a) and Fig. 2(b) , the comparison between magnitude of s-parameters simulation results with Ansoft HFSSv.10 [18] and CST MICROWAVE STUDIO [19] for filter1 and filter2 are shown respectively. Plots show the good match between two simulation results with different commercial software of proposed filters. In general, a good flatness is achieved throughout the passband of filters. However, some occasional slight ripple is observed for filter2. The filter1 has a 1 dB bandwidth of 4.17 GHz from 3.24-7.41 GHz and minimum insertion loss of approximately 0.13 dB while for the filter2, these are 5.14 GHz from 3.14-8.28 GHz and 0.1 dB respectively (Noted: These results are quotation from CST MICROWAVE STUIDIO results). In Fig. 3(a) and Fig. 3(b) , comparison between phase of S 12 simulation results with Ansoft HFSSv.10 and CST MICROWAVE STUDIO for filter1 and filter2 are shown respectively. Plots are shown that the phase of S 12 throughout the passband of presented filters is acceptably linear for UWB applications. Fig. 3(a) show the good match between two simulation results with different commercial software of proposed filters. In Fig. 3(b) , the plots have similar behavior but the shift of frequency throughout of the passband is noticeable. However, two simulation results shows that the phase of S 12 is linear throughout the passband.
CONCLUSION
The results of design and investigation of bandpass UWB filters are presented. Using combination of magnetic coupling between the wideband slots resonator and capacitive source load coupling allows realizing transmission zeros, which improve the selectivity of these filters. Some analytical predictions show good agreement between simulations results. The scope for further research and optimization is noted for better analysis these filters by theoretical prediction. The dimensions of filters are 15 × 12.4 mm 2 and the first design has a 1 db bandwidth of 4.17 GHz from 3.24-7.41 GHz and minimum insertion loss of approximately 0.13 dB while for the second design, these are 5.14 GHz from 3.14-8.28 GHz and 0.1 dB respectively. The phase of S 12 is completely linear throughout the passband for both of filters and these filters can apply for UWB applications.
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